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The frequency of severe perioperative neurologic com-
plications in unselected patients undergoing CABG has
been reported to be between 0.5% and 7.0%.1-3
Possible causes of neurologic complications after
elective CABG include inadequate cerebral perfusion
with hypotension or hypoperfusion, arterial macroem-
bolization or microembolization, and intracranial or
extracranial vascular disease. Because atherosclerosis is
a generalized disease, a considerable number of patients
have significant stenosis in both the coronary and
carotid arteries. The incidence of significant stenosis of
extracranial arteries in patients requiring CABG report-
ed in the literature ranges from 2.4% to 14% and varies
according to the diagnostic means used.4-6
Preexisting extracranial arterial occlusive disease is
one of the most frequent causes of perioperative cere-
bral ischemia. The treatment strategy of patients with
P ostoperative cerebral stroke remains one of the mostserious complications in cardiac surgery. The
reported frequency of neurologic complications after
coronary artery bypass grafting (CABG) varies widely,
even in the more recent literature, depending on the sen-
sitivity used to state postoperative neurologic changes.
Objective: Controversy continues about the treatment of patients with a con-
comitant occlusive disease of the coronary and carotid arteries. Our opera-
tive strategy in these patients is to do simultaneous carotid endarterectomy
and myocardial revascularization in conjunction with cardiopulmonary
bypass with mild hypothermia. We report our experience with this kind of
one-stage procedure and its retrospective long-term results.
Methods: From February 1985 to September 1998, 340 patients underwent
simultaneous carotid endarterectomy and myocardial revascularization. The
average age of the patients was 65.3 years; 45.6% were neurologically symp-
tomatic, and 44.4% had bilateral carotid stenosis. The indication for carotid
endarterectomy was lumen diameter reduction of more than 75%, angio-
graphic signs of thrombogenic endovascular morphology, or both. Carotid
endarterectomy was performed in conjunction with cardiopulmonary bypass
with mild hypothermia, hemodilution, systemic heparinization, and con-
trolled hemodynamics under pulsatile perfusion for additional cerebral pro-
tection.
Results: There were 16 perioperative neurologic complications (4.7%), 11
permanent deficits (3.2%), and 9 cardiac complications (2.6%). Early mor-
tality was 2.6% (SE 0.8%): 2 patients had a stroke and 2 had a myocardial
infarction. The 5-year survival was 78.9% (SE 2.6%), and freedom from
ipsilateral stroke and cardiac event were 93.2% (SE 1.5%) and 87.5% (SE
2.1%), respectively. The predictor for early death was age over 70 years, and
predictors for late death were age over 70 years, previous myocardial infarc-
tion, previous stroke, and bilateral carotid stenosis of greater than 90%.
Conclusion: On the basis of our long-term results, we believe that simultane-
ous carotid endarterectomy and myocardial revascularization in conjunction
with cardiopulmonary bypass is a method safe enough to prefer its routine
use with acceptable low operative risk and satisfactory long-term morbidity.
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concomitant occlusive disease of coronary and carotid
arteries is still a matter of discussion. Our operative
strategy in these patients is to do simultaneous carotid
artery endarterectomy and myocardial revasculariza-
tion, with cardiopulmonary bypass (CPB) being insti-
tuted before carotid endarterectomy for additional cere-
bral protection with mild hypothermia, hemodilution,
systemic heparinization, and controlled hemodynamics
under pulsatile perfusion.
In a previous publication in 1988,7 we reported the
initial experience with 47 patients who underwent
simultaneous carotid endarterectomy and myocardial
revascularization by using CPB for both procedures. In
the actual report we describe our further experience
with this operative strategy of concomitant occlusive
disease of the coronary and carotid arteries and present
its early and long-term results.
Patients and methods
From February 1985 until September 1998, 37,932 cardiac
procedures with extracorporeal circulation were performed in
our heart center. In 340 (1.3%) of 26,607 consecutive CABG
candidates, simultaneous revascularization of the carotid
artery was carried out because of a relevant stenosis of one or
both carotid arteries. The patients included 260 men (76.9%)
and 80 women (23.1%) aged from 42.7 to 82.3 years (aver-
age, 65.3 ± 7.3 years).
In all CABG candidates particular attention was directed to
their history of neurologic and cerebrovascular symptoms,
and Doppler ultrasonographic examination was carried out. If
Doppler evaluation revealed a luminal reduction of more than
50% in the common or internal carotid artery, arterial digital
subtraction angiography (alone or usually in combination
with selective carotid cineangiography) was performed either
simultaneously with cardiac catheterization or at a later date
if the carotid stenosis initially had not been diagnosed. The
initial indication for endarterectomy of the carotid artery was
an angiographically diagnosed reduction in luminal diameter
of more than 75%, a sign of thrombogenic endovascular mor-
phology (transitoric ischemic attack, minor stroke, or intimal
ulcerations), or both. Since 1989, in case of asymptomatic
carotid stenosis, transcranial Doppler ultrasonography
(Neuroguard, Neuroguard Inc) was applied to indicate hemo-
dynamic deterioration.8 A pathologic finding was defined as
an increase of flow velocity in the mean cerebral artery of
less than 20% after carbon dioxide stimulation induced by
hypercapnia.9-11 Patients with reduced perfusion reserve were
operated on regardless of whether carotid artery stenosis was
symptomatic or not (Fig 1). Patients with asymptomatic
carotid artery stenosis and normal perfusion reserve without
ulcerations were treated with individual anticoagulation or
antithrombogenic drugs, and ultrasonographic short-time
interval follow-up was recommended.
Operative technique. All patients had a unilateral carotid
endarterectomy with autologous saphenous vein patch plasty
and concomitant CABG. All patients were operated on by the
same surgeons. At first, the carotid artery was exposed. Then
median sternotomy and cannulation were performed, and
CPB was initiated to provide additional organ protection
(mild hypothermia with a blood temperature of 27°C,
nasopharyngeal temperature of 30°C, and hemodilution with
Fig 1. Our treatment strategy of patients with concominant occlusive disease of coronary and carotid arteries.
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a hematocrit value of 20% to 25%). In addition, a systemic
mean arterial pressure of 60 to 70 mm Hg with the unloaded
beating heart was ensured by optimal manipulation of CPB,
including synchronized pulsatile perfusion. Subsequently,
endarterectomy and vein patch plasty of the carotid artery
were done, and then CABG with intermittent myocardial
ischemia was performed. The number of peripheral coronary
anastomoses varied between 1 and 7, with an average of 2.9
± 1.0. The neck incision was left open until the end of the car-
diac procedure. Throughout the operation, the cerebral func-
tion was monitored by a continuous electroencephalogram
(Drägerwerk AG).12 An intraluminal shunt was used in only a
few patients who had a sign of cerebral ischemia with the
electroencephalogram monitor.
The preoperative clinical characteristics of the patients are
shown in Table I, and the angiographic features of the patient
population are listed in Table II. The criteria for stating a peri-
operative myocardial infarction are the occurrence of new Q
waves and persistent ST-segment changes correlated with an
elevated myocardial fraction of creatinine kinase (CK-MB >
50 U/L). In later years, cardiac troponin T was used to state
perioperative myocardial infarction (troponin T > 0.5 µg/L).
Statistical analysis. Preoperative and perioperative data
were obtained by reviewing the patient’s hospital records,
and information on long-term survival or events was gained
by questionnaires to the patient’s referring physician and car-
diologist. Data are expressed as mean ± SD. Early death and
early stroke (with persisting neurologic deficit) were defined
as events within 30 days postoperatively. For time-indepen-
dent risk factor analysis (early postoperative events), the 2-
tailed Fisher exact test and t test were used. Time-dependent
factors were analyzed by the Kaplan-Meier method, the log-
rank test, the Pearson correlation, and Cox regression models.
Freedom-from-event percentages are given with SEs.
Calculations were made with SPSS Release 8.0.0 (SPSS Inc).
Results
Patients were traced for a mean follow-up of 5.28 ±
3.8 years; total follow-up time is 1759 patient-years.
Follow-up is 98.8% complete.
Early mortality after simultaneous carotid end-
arterectomy and coronary revascularization was 2.6%
(9 patients). There was a clear association between
early death and age over 70 years (P = .02).
Table I. Demographic and clinical characteristics
Characteristics No. of patients (%)
Age (y)
Mean ± SD 65.3 ± 7.3
Range 42.7-82.3
Sex
Male 260 (76.9%)
Female 80 (23.1%)
Cardiac history
Previous myocardial infarction 140 (41.2%)
Unstable angina 43 (12.6%)
Neurologic history
Transient ischemic attack 32 (9.4%)
Amaurosis fugax 27 (7.9%)
PRIND 54 (15.9%)
Stroke 43 (12.6%)
Symptomatic carotid artery stenosis 156 (45.6%)
Other disease
Arterial hypertension 185 (54.4%)
Diabetes mellitus 89 (26.7%)
Chronical obstructive lung disease 53 (15.6%)
Renal insufficiency 27 (7.9%)
PRIND, Prolonged reversible ischemic neurologic defect.
Table II. Angiographic data
Findings No. of patients (%)
Cardiac disease
Left main stem stenosis 33 (9.7%)
Left ventricular ejection fraction < 40% 81 (23.8%)
Carotid artery disease
Bilateral carotid artery stenosis 151 (44.4%)
Stenosis on operated side
<50% 3 (0.9%)
50%-75% 21 (6.2%)
75%-90% 204 (60.0%)
90%-99% 112 (32.9%)
Contralateral stenosis
<50% 216 (63.5%)
50%-75% 48 (14.1%)
75%-90% 31 (9.1%)
90%-99% 10 (2.9%)
100% 35 (10.3%)
Table III. Early postoperative complications and
events
Characteristics No. of patients (%)
Early lethal complications 9 (2.6%)
Myocardial infarction 2 (0.6%)
Stroke 2 (0.6%)
Infection 2 (0.6%)
Multiple organ failure 3 (0.9%)
Early neurologic complications 16 (4.7%)
TIA/PRIND 5 (1.5%)
Ipsilateral stroke
Minor 5 (1.5%)
Major 3 (0.9%)
Lethal 1 (0.3%)
Contralateral stroke
Minor 0
Major 1 (0.3%)
Lethal 1 (0.3%)
Early cardiac complications
Myocardial infarction 2 (0.6%)
Ventricular arrhythmia 5 (1.5%)
Low-output syndrome 2 (0.6%)
TIA, Transient ischemic attack; PRIND, prolonged reversible ischemic neuro-
logic defect.
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Perioperative neurologic complications were seen in
16 patients (4.7%), including 11 permanent deficits
(3.2%).
Early cardiac complications were 2 lethal myocardial
infarctions. In 5 patients we saw drug-responsive ventric-
ular arrhythmias, and 2 patients had transient low-output
syndrome (Table III). The significant univariate risk fac-
tors for early death and stroke are listed in Table IV.
Late neurologic events occurred in 29 patients,
including 10 lethal strokes. The ipsilateral side was
dominant for early stroke (ipsilateral side, n = 7; con-
tralateral side, n = 4), but late stroke occurred more
often on the contralateral side (ipsilateral side, n = 12;
contralateral side, n = 17). Ten-year incidences of
stroke were 9.3% (SE 2.5%) on the ipsilateral side and
11.8% (SE 2.6%) on the contralateral side. Overall
freedom from stroke (Fig 2) at 5 years and 10 years was
86.8% (SE 2.1%) and 78.9% (SE 3.2%), and freedom
from ipsilateral stroke (Fig 3) was 93.2% (1.6%) and
89.3% (SE 2.5%).
Fig 2. Freedom from overall stroke.
Fig 3. Freedom from ipsilateral stroke.
Table IV. Risk factors for early death and stroke
Factor present Factor absent
Patients Patients Patients Patients 
Event Factor without events with events P value* without events with events
Early death Age > 70 y 90 6 (6.7%) .016 241 3 (1.2%)
Early stroke Previous stroke 49 6 (12.2%) .026 275 10 (3.6%)
*Fisher exact test.
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Late cardiac events occurred in 62 patients, including
27 lethal cardiac failures and 16 sudden deaths. Freedom
from cardiac event (Fig 4) was 87.5% (SE 2.1%) and
68.3% (SE 3.4%) at 5 and 10 years, respectively.
Actuarial survival (Fig 5) was 78.9% (SE 2.6%) and
56.1% (SE 3.7%) at 5 and 10 years, respectively.
Causes of late death were cardiac events in 52 patients
(9 patients with cardiac infarction, 27 patients with car-
diac failure, and 16 patients with sudden death), stroke
in 10 patients, carcinoma in 18 patients, unknown caus-
es in 8 patients, and other causes in 26 patients.
Univariate risk factors of late death were age over 70
years, previous myocardial infarction, previous stroke,
and bilateral carotid stenosis over 90%. Risk factors for
late death, stroke, and neurologic or cardiac events are
listed in Table V. The results of multivariate analysis for
time-dependent risk factors are listed in Table VI.
Discussion
Perioperative stroke after myocardial revasculariza-
tion is an issue of increasing importance to cardiac sur-
geons. Patients with neurologic symptomatic carotid
artery stenosis and a history of stroke undergoing
CABG are at a higher risk of perioperative stroke than
CABG candidates with asymptomatic carotid artery
stenosis. Jones and associates13 noted an 8.6% inci-
dence of perioperative stroke in patients with prior neu-
rologic symptoms undergoing CABG. In our institu-
tion between February 1985 and September 1998,
CABG was performed in 26,607 patients, and the inci-
dence of perioperative neurologic complications was
3.1%, including 1.2% neurologic deficit.14
The reported incidence of significant carotid artery
stenosis in candidates for CABG varies from 1.6% to
6.8%.4-6 A retrospective study of our own data14 (5880
Fig 4. Freedom from cardiac events.
Fig 5. Overall actuarial survivals. 
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consecutive patients with CABG) showed significant
coexistent occlusive disease of the carotid artery in
2.4%. The number of candidates for surgery of con-
comitant occlusive disease of coronary and carotid
artery is increasing. Tuman and associates15 reported
that patients younger than 65 years who underwent
CABG had an incidence of stroke of 0.9%, whereas
asymptomatic patients older than 75 years had an inci-
dence of stroke of 8.9%, and the incidence of stroke
rose with increasing age.
Because of the rising number of elderly patients
requiring cardiac surgery, it became more important to
evaluate latent stenoses of carotid arteries. However,
sometimes there are relevant discrepancies between
Doppler ultrasonographic and angiographic findings.
Moreover, in our opinion, even if digital subtraction
angiography seems to be a useful general screening
method in providing information about the overall sta-
tus of the extracranial arteries, it is not accurate enough
to plan an operation. Therefore we insisted on a selec-
tive carotid angiography to evaluate the morphology of
the carotid lesion before operation. Recently, we also
used transcranial Doppler ultrasonography with carbon
dioxide stimulation as an effective preoperative diag-
nostic method.8 We decided to perform carotid
endarterectomy in patients with neurologically asymp-
tomatic carotid stenosis if the perfusion reserve mea-
sured by using transcranial Doppler ultrasonography is
reduced more than 20% below the normal value.9-11
There is a continuing controversy about the manage-
ment of patients with concomitant occlusive disease of
the coronary and carotid arteries. In previous studies
some groups have preferred to perform an isolated
CABG, even in patients with hemodynamically relevant
carotid artery stenosis, whereas others perform carotid
thromboendarterectomy before CABG (2-stage proce-
dure). However, experience with CABG without surgi-
cal treatment of hemodynamically relevant carotid
Table V. Univariate analysis of risk factors for late events
Percentage of freedom from event (SE)
Factor present Factor absent
Event Factor n 5 y 10 y P value 5 y 10 y
Late death
Bilateral carotid stenosis > 90% 14 30.3 (16.6) 0 .001 80.1 (2.5) 58.0 (3.7)
Previous myocardial infarction 139 75.5 (4.2) 44.7 (5.8) .013 81.5 (3.2) 65.1 (4.7)
Age > 70 y 93 71.4 (5.6) 45.5 (7.7) .025 81.7 (2.8) 59.6 (4.2)
Previous stroke 52 66.7 (8.1) 40.3 (9.9) .044 80.9 (2.7) 59.1 (3.9)
Late stroke
Previous cardiac operation 16 56.3 (20.9) 0 .032 93.6 (1.8) 83.0 (3.4)
Cerebral or cardiac event
Bilateral carotid stenosis > 90% 14 39.0 (16.9) 0 .003 77.1 (2.7) 0
Previous myocardial infarction 139 74.9 (4.2) 44.7 (8.5) .008 76.4 (3.5) 62.3 (5.1)
Symptomatic carotid stenosis 80 65.3 (6.6) 39.3 (8.5) .035 78.5 (2.9) 58.8 (4.4)
Previous stroke 52 65.2 (7.9) 37.0 (10.3) .099 77.5 (2.8) 57.7 (4.2)
Table VI. Multivariate analysis of time-dependent risk factors
Events Factor β SE P value HR 95% CI
Late death 
Bilateral carotid stenosis > 90% –1.14 0.40 .005 0.32 0.14-0.71
Previous myocardial infarction 0.46 0.20 .023 1.58 1.07-2.35
Age > 70 y 0.46 0.22 .031 1.59 1.04-2.43
Previous stroke 0.51 0.25 .040 1.67 1.02-2.73
Cerebral or cardiac event
Bilateral carotid stenosis > 90% –1.29 0.40 .001 0.27 0.12-0.61
Symptomatic carotid stenosis –1.2 0.44 .006 0.30 0.13-0.59
Previous stroke 0.54 0.26 .042 1.71 0.98-2.29
Previous myocardial infarction 0.41 0.21 .056* 1.50 0.99-2.29
HR, Hazards ratio; CI, confidence interval.
*Not significant.
artery stenosis indicates that the rate of perioperative
neurologic complications after this policy is between
7.4% and 20.3%, with a mortality between 6.9% and
13.8%.13,16-19 On the other hand, when an isolated
carotid artery endarterectomy is performed before nec-
essary CABG, the morbidity is relatively high (around
7%-8%) and is caused mainly by myocardial infarc-
tion.16 Therefore some authors advocate the 1-stage
procedure (combined surgery, carotid thromboen-
darterectomy before insertion of CPB for CABG or
simultaneous surgery, and carotid endarterectomy under
CPB before CABG). They recommended this 1-stage
procedure if unstable angina pectoris, left main stem
coronary artery stenosis, or diffuse multivessel coronary
artery disease coexisting with symptomatic carotid
artery occlusive disease is present.13,16,19,20 Mehigan
and associates17 prefer the 2-stage procedure if the clin-
ical situation allows it and the 1-stage operation in poor-
risk candidates. A staged approach is reserved by some
authors for patients with severe carotid artery stenosis,
complicated carotid revascularization, or significant
bilateral carotid disease with relatively less severe coro-
nary artery disease.13,16 In recent studies Akins and col-
leagues21 and Trachiotis and Pfister,22 who performed
combined carotid endarterectomy and CABG, recom-
mended 1-stage operation as the most effective means
of avoiding myocardial complications and reducing
neurologic deficits. In a meta-analysis on reports for
surgical treatment of concomitant carotid and coronary
artery disease, Takach and coworkers23 summarized the
combined procedure to be as safe as the staged proce-
dure despite the higher-risk population in the combined
procedure.
In the 1-stage procedure most authors repair the
carotid artery stenosis before full establishment of
CPB. In contrast, we prefer to use the advantages of
CPB, such as hemodilution, hypothermia, hepariniza-
tion, and hemodynamic control, for cerebral protec-
tion during carotid endarterectomy. Hypothermia
induced by moderate systemic blood cooling around
27°C during CPB can be expected to protect the brain
by decreasing cerebral oxygen consumption and to
decrease the accumulation of anoxic metabolites in
brain tissue. We keep the nasopharyngeal temperature
at around 30°C, maintaining a beating heart for pul-
satile body perfusion. Although there is a lack of con-
sensus concerning the optimal mean arterial pressure
for cerebral protection during CPB, higher perfusion
pressures of 70 to 90 mm Hg are considered to be
safer in patients with occlusive disease of the carotid
artery. Tufo and coworkers24 found that lowering of
systemic arterial blood pressure below 50 mm Hg for
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longer than 10 minutes resulted in a 4-fold increase in
risk compared with that observed when higher blood
pressure was present. In a recent review of concomi-
tant disease of the carotid and coronary arteries, Lazar
and Menzoian25 concluded that neurologic complica-
tions of CPB appear to be more related to arterioscle-
rotic aortic disease than to low flow caused by carotid
artery stenosis.
In this context, however, disadvantages of perform-
ing carotid endarterectomy under CPB, such as exces-
sive operative bleeding, prolonged operation time, and
possible blood contamination of the drapes around the
carotid incision, might lead to a higher incidence of
mediastinal infection. Although there are 2 lethal infec-
tions (0.6%) in our series, the incidence of mediastinal
infection was not higher than that of elective isolated
CABG in our institution. On the other hand, there are
some advantages in the 1-stage approach, including
shorter hospital stay, decreased exposure to anesthesia,
and cost savings.26
Hypothermia was expected to make the analysis of
electroencephalography more difficult than in isolated
carotid endarterectomy under normothermia. In our
series minor electroencephalographic changes were
fairly common during carotid endarterectomy, but
they were generally not followed by cerebral seque-
lae. In contrast, most of the electroencephalographic
changes that occurred after carotid endarterectomy
were associated with perioperative neurologic com-
plications.7 This suggests that cerebral embolism
might be a frequent cause of postoperative cerebral
deficits.
Our early and long-term results suggest that elderly
patients have an elevated risk for early and late death.
Strategy of treatment and strategy of operative man-
agement of such elderly patients must be considered
thoughtfully. The results in this series, particularly the
excellent freedom from neurologic events in the early
and long-term course, support the efficiency of our
simultaneous operative strategy. The operative mortali-
ty and the incidence of neurologic complications and
myocardial infarction in this report compare favorably
with literature data for patients with concomitant
severe occlusive disease of the coronary and carotid
arteries managed by using a combined operative
approach (Table VII).23,27-31
On the basis of our long-term results, we believe that
simultaneous carotid endarterectomy and myocardial
revascularization both in conjunction with CPB is a
method safe enough to prefer its routine use with
acceptable low operative risk and satisfactory long-
term morbidity.
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Appendix
Analyzed potential risk factors
Age
Diabetes
Obesity
Hyperlipidemia
Hypertension
Smoking
Previous lung disease
Symptomatic carotid stenosis
Previous stroke
Previous transient ischemic attack
Previous peripheral atherosclerotic occlusive disease
Previous carotid operation
Bilateral carotid stenosis
Severity of ipsilateral-contralateral carotid stenosis
Previous myocardial infarction
Previous cardiac decompensation
Previous cardiac operation
Number of diseased coronary vessels
Number of CABGs
Concomitant valve operation
Commentary
Currently there is growing appreciation among many
cardiac surgeons that patients with severe concomitant
carotid and coronary artery disease are better treated
with combined myocardial revascularization and
carotid endarterectomy during one period of anesthe-
sia. Given that decision, several surgical approaches
have been suggested for technically performing the
combined operation. In the majority of institutions the
carotid endarterectomy is performed while the heart is
still beating before the institution of cardiopulmonary
bypass (CPB). In 1977 Reis and Hannah1 advocated
performance of the carotid endarterectomy during CPB
with significant hypothermia. Several reports with
small numbers of patients have documented the results
achieved with such an approach.1-4 Schwartz and asso-
ciates2 compared patients having carotid endarterecto-
my before CPB with patients having carotid end-
arterectomy during CPB and could find no advantage
to the latter technique.
In this issue of the Journal, Minami and coworkers
report their early and late results with simultaneous
carotid endarterectomy and coronary artery bypass
grafting (CABG) during CPB in 340 patients. Minami
and colleagues advocate a technique that entailed ini-
tial exposure of the carotid artery followed by a medi-
an sternotomy and institution of CPB at a blood tem-
perature of 27°C. With the unloaded heart beating on
CPB, the carotid endarterectomy was completed with
the use of a vein patch. Myocardial revascularization
was then performed during intermittent aortic cross-
clamping with an average of 2.9 grafts per patient. The
neck incision was closed at the end of the procedure.
Cerebral function was monitored throughout the
operation with continuous electroencephalography.
Intraluminal shunts were used only in patients in whom
the electroencephalograph demonstrated cerebral
ischemia.
In this current series the early mortality rate of 2.6%
and the neurologic complication rate of 4.7% (perma-
nent deficits in 3.2%) are certainly comparable, as noted
in the article, with early results reported from series in
which the carotid endarterectomy was performed before
CPB. Although the acuity of the patients’ ischemic dis-
ease is not specifically described in the study, the com-
plexity of the preoperative carotid evaluation, the rela-
tively lower number of arteries revascularized, and the
absence of ischemic acuity as a predictor of hospital
mortality suggest that most of these patients were prob-
ably undergoing elective myocardial revascularization.
The low mortality is probably in part a function of the
younger age of the patients and the absence of acute
ischemia with lesser degrees of coronary disease, as
well as excellent technique by the authors. The low inci-
dence of stroke can also be answered in part by less
extensive generalized atherosclerosis in younger
patients, particularly since their technique of myocar-
dial preservation requires repeated applications of an
aortic crossclamp, and most of the early strokes were
ipsilateral to the carotid endarterectomy.
The long-term survival of 56.1% at 10 years is compa-
rable with results from other series with patients of simi-
lar ages, and the late freedom from neurologic events of
78.9% at 10 years is somewhat lower than the 92.3% that
my colleagues and I5 reported several years ago.
potential deleterious effects of deeper hypothermia
might have an impact on the results is unclear.
Our own experience with performing carotid endar-
terectomy before myocardial revascularization during
CPB now extends to almost 500 patients. The average
age of our patients approaches 70 years, and the aver-
age number of CABGs is about 4 per patient. Our mor-
tality and neurologic results are comparable with those
reported by the authors in similar patients. Although we
believe we have almost neutralized carotid stenosis as
a risk factor for ipsilateral stroke during myocardial
revascularization, our principal neurologic problem
now is the occurrence of contralateral or bilateral
deficits in patients with extensive aortic atherosclero-
sis. Advanced patient age and acute ischemic coronary
syndromes necessitating nonelective operations remain
the strongest predictors of early mortality. 
In summary, the operative approach to concomitant
carotid and coronary disease of performing both revas-
cularization procedures on CPB has achieved very
good results in the authors’ hands in their patient pop-
ulation. Whether this approach is equally applicable to
older patients with more acute ischemia and with more
extensive coronary and aortic atherosclerosis remains
to be demonstrated.
Cary W. Akins, MD
Boston, Massachusetts
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Although the authors are to be commended for their
excellent results, several questions arise concerning
this approach. The first centers on the physiologic
rationale for the authors’ technique. Certainly systemic
hypothermia to a blood temperature of 27°C will be
neuroprotective to some extent for modest periods of
time. Weiss and coworkers4 strongly advised using
hypothermia to much lower levels, specifically, 20°C.
The neuroprotective effect of hypothermia is probably
useful in ameliorating the potential negative effects of
several other aspects of their technique; for example,
the loss of true pulsatile perfusion on CPB. The authors
state that the heart is unloaded during CPB and, there-
fore, the normal pulsatile pattern must be blunted. In
addition, hypothermia in combination with anesthetic
agents routinely produces generalized slowing of the
electroencephalogram, which can mask cerebral
ischemia that would normally also be revealed as slow-
ing on the electroencephalogram. Thus the decision to
place an intraluminal shunt may be delayed. Obviously,
hypothermia would not completely mask asymmetric,
lateralized slowing, but it might delay the recognition
of its presentation. Their claim that hemodilution dur-
ing CPB is also advantageous to cerebral protection is
more difficult to understand.
Another question that arises concerning the authors’
approach is whether there is a disadvantage to prolong-
ing CPB to perform the carotid endarterectomy.
Cardiac surgeons attempt to keep any period of CPB as
short as is practical to safely complete the intended
operation. Longer perfusion times cannot be an advan-
tage. In this series there were only 2.9 coronary anasto-
moses per patient, a relatively low number compared
with most series. CPB times for that portion of the
operation should, therefore, be relatively short; thus the
addition of the time to perform the carotid endarterec-
tomy might be relatively less injurious.
Another feature of the authors’ CPB technique that
deserves comment is the degree of hypothermia that
they use, namely, 27°C. Although the lower the tem-
perature, the greater the general neuroprotective effect,
this temperature is lower than many cardiac surgeons
currently use to perform myocardial revascularization.
Whether the added time to cool and rewarm or any
